Abstract. Modern facilities are poised to tackle fundamental questions within the Standard Model, aiming to reveal the nature of confinement, its relationship to dynamical chiral symmetry breaking (DCSB) -the origin of visible mass -and the connection between these two, key emergent phenomena. There is strong evidence to suggest that they are intimately connected with the appearance of momentum-dependent masses for gluons and quarks in QCD, which are large in the infrared: m g ∼ 500 MeV and M q ∼ 350 MeV. DCSB, expressed in the dynamical generation of a dressed-quark mass, has an enormous variety of verifiable consequences, including an enigmatic result that the properties of the (almost) massless pion are the cleanest expression of the mechanism which is responsible for almost all the visible mass in the Universe. This contribution explains that these emergent phenomena are expressed with particular force in the partonic structure of hadrons, e.g. in valence-quark parton distribution amplitudes and functions, and, consequently, in numerous hadronic observables, so that we are now in a position to exhibit the consequences of confinement and DCSB in a wide range of hadron observables, opening the way to empirical verification of their expression in the Standard Model.
Whence mass?
Classical chromodynamics (CCD) is a non-Abelian local gauge field theory. As with all such theories formulated in four spacetime dimensions, no length-scale exists in the absence of Lagrangian masses for the fermions. There is no dynamics in a scale-invariant theory, only kinematics: the theory looks the same at all length-scales and hence there can be no clumps of anything. Bound-states are therefore impossible and, accordingly, our Universe cannot exist. Spontaneous symmetry breaking, as realised via the Higgs mechanism, does not solve this problem because normal matter is constituted from light-quarks, u and d, and the masses of the neutron and proton, the kernels of all visible matter, are roughly 100-times larger than anything the Higgs can produce in connection with u-and d-quarks. Consequently, the question of how did the Universe come into being is inseparable from the questions of how does a mass-scale appear and why does it have the value we observe?
Energy and momentum conservation in a quantum field theory is a consequence of spacetime translational invariance, one of the family of Poincaré transformations. Consequently, where T µν is the energy-momentum tensor in CCD, which can always be made symmetric [1] . A global scale translation is implemented via:
where A a µ (x), q(x) are the gluon and quark fields. The Noether current associated with this transformation is the dilation current: D µ = T µν x ν . In the absence of fermion masses, the classical action is invariant under Eqs. (2) , i.e. the theory is scale invariant, and hence
where the last equality follows from Eq. (1): the energy-momentum tensor is traceless in a scale invariant theory. Massless CCD is meaningless for many reasons; amongst them the fact that strong interactions in the Standard Model are empirically known to be characterised by a large mass-scale, Λ QCD ≈ 0.2 GeV [2] . In quantising the theory, regularisation and renormalisation of (ultraviolet) divergences introduces a mass-scale. This is "dimensional transmutation": mass-dimensionless quantities become dependent on a mass-scale, and this entails the violation of Eq. (3), i.e. the appearance of the chiral-limit "trace anomaly":
T µµ = β(α(ζ))
where β(α) is the β-function of quantum chromodynamics (QCD), ζ is the renormalisation scale, G a µν is the gluon field-strength tensor, and this expression assumes the chiral limit for all current-quarks. It is worth highlighting that the appearance of a trace anomaly has nothing to do with the nonAbelian nature of QCD. Indeed, quantum electrodynamics (QED) also possesses a trace anomaly. However, QED is nonperturbatively undefined: four-fermion operators become relevant in strongcoupling QED and must be included in order to obtain a well-defined (albeit trivial) continuum limit (see, e.g. Refs. [3] [4] [5] ). As a consequence, QED does not have a chiral limit. The QED trace anomaly is only meaningful in perturbation theory and its scale is determined by the Higgs mechanism.
In the presence of nonzero current-quark masses, Eq. (4) becomes
where m ζ f are the current-quark masses and [1 + γ(α)] is the analogue for the dressed-quark runningmass of β(α) for the running coupling. (In fact, γ(α) is the anomalous dimension of the currentquark mass in QCD.) It is notable that in the massive-case the trace anomaly is not homogeneous in the running coupling, α(ζ). Consequently, renormalisation-group-invariance does not entail form invariance of the right-hand-side (rhs) [6] . This is important because discussions typically assume (perhaps implicitly) that all operators and identities are expressed in a partonic basis, viz. using simple field operators that can be renormalised perturbatively, in which case the hadronic state-vector represents an extremely complicated wave function. That perspective is not valid at renormalisation scales ζ m p , where m p is the proton mass; and this is where a metamorphosis from parton-basis to quasiparticle-basis may occur: under reductions in resolving scale, ζ, light partons evolve into heavy dressed-partons, corresponding to complex superpositions of partonic operators; and using these dressed-parton operators, the wave functions can be expressed in a relatively simple form [7] .
Magnitude of the scale anomaly: mass and masslessness
Simply knowing that a trace anomaly exists does not deliver a great deal: it only indicates that there is a mass-scale. The crucial issue is whether or not one can compute and/or understand the magnitude CONF12 of that scale. One can certainly measure the size of the scale anomaly, for consider the expectation value of the energy-momentum tensor in the proton (e.g., Ref. [8] ):
where the rhs follows from the equations-of-motion for an asymptotic one-particle proton state. At this point it is clear that, in the chiral limit,
namely, there is a clear sense in which it is possible to say that the entirety of the proton mass is produced by gluons. The trace anomaly is measurably large; and that property must logically owe to gluon self-interactions, which are also responsible for asymptotic freedom. This is a valid conclusion.
After all, what else could be responsible for a mass-scale? QCD is all about gluon self-interactions; and it's gluon self-interactions that (potentially) enable one to rigorously (nonperturbatively) define the expectation value in Eq. (7). On the other hand, it's only a sensible conclusion when the operator and the wave function are defined at a resolving-scale ζ m p . There is also another issue, which can be exposed by returning to Eq. (6) and replacing the proton by the pion:
Then, in the chiral limit:
because the pion is a massless Nambu-Goldstone mode. Equation (8) could mean that the scale anomaly vanishes trivially in the pion state, viz. that gluons and their self-interactions have no impact within a pion because each term in the expression of the operator vanishes when evaluated in the pion. However, that is a difficult way to achieve Eq. (9) . It is easier to imagine that Eq. (9) owes to cancellations between different operator-component contributions. Of course, such precise cancellation should not be an accident. It could only arise naturally because of some symmetry and/or symmetry-breaking pattern; and, as will be argued, that is the manner by which Eq. (9) is realised. Equations (7) and (9) present a quandary, which highlights that no understanding of the origin of the proton's mass can be complete unless it simultaneously explains the meaning of Eq. (9) . Given that a massless particle doesn't have a rest-frame, any approach based on a rest-frame decomposition of the energy-momentum tensor (e.g. Ref. [9] ) cannot readily be useful in this dual connection.
It is worth recalling here that CCD is still a non-Abelian local gauge theory. Consequently, the concept of local gauge invariance persists. However, without a mass-scale there is no confinement. For example, three quarks can be prepared in a colour-singlet combination and colour rotations will keep the three-body system colour neutral; but the quarks involved need not have any proximity to one another. Indeed, proximity is meaningless because all lengths are equivalent in a scale invariant theory. Hence, the question of "Whence mass"? is equivalent to "Whence a mass-scale?", which is equivalent to "Whence a confinement scale?". Thus, understanding the origin, Eq. (7), and absence, Eq. (9), of mass in QCD is quite likely inseparable from the task of understanding confinement; and existence, alone, of a scale anomaly answers neither question.
A point has now been reached from which a set of basic questions can meaningfully be posed and, perhaps, answered. Namely, what is origin of mass in our Universe; what is the nature of confinement in real-QCD, i.e. in the presence of active light-quarks; and how are they connected? Of great importance, too, is the associated consideration: how can any answers, conjectures and/or conclusions be empirically verified? Physics is an empirical science and no explanation is physical unless it can realistically be subjected to experimental validation.
Confinement and DCSB
QCD is characterised by two emergent phenomena: confinement and dynamical chiral symmetry breaking (DCSB). They have far-reaching consequences, expressed with great force in the character of the pion, and pion properties, in turn, suggest that confinement and DCSB are intimately connected. Indeed, since the pion is both a Nambu-Goldstone boson and a quark-antiquark bound-state, it holds a unique position in Nature and, consequently, developing an understanding of its properties is critical to revealing some very basic features of the Standard Model.
Confinement Hypothesis: Colour-charged particles cannot be isolated and therefore cannot be directly observed. They clump together in colour-neutral bound-states.
Confinement seems to be an empirical fact; but a mathematical proof is lacking. Partly as a consequence, the Clay Mathematics Institute offered a "Millennium Problem" prize of $1-million for a proof that S U c (3) gauge theory is mathematically well-defined [10] , one necessary consequence of which will be an answer to the question of whether or not the confinement conjecture is correct in pure-gauge QCD. There is a problem with this, however: no reader of this article can be described within pure-gauge QCD. The presence of quarks is essential to understanding all known visible matter, so a proof of confinement that deals only with pure-gauge QCD is chiefly irrelevant to our Universe. We exist because Nature has supplied two light quarks and those quarks combine to form the pion, which is unnaturally light (m π < Λ QCD ) and hence very easily produced. This point can be sharpened by noting that one aspect of the Yang-Mills millennium problem is to prove that pure-gauge QCD possesses a mass-gap ∆ > 0. There is strong evidence supporting this conjecture, found especially in the fact that numerical simulations of lattice-regularised QCD (lQCD) predict ∆ 1.5 GeV [11] . However, with ∆ 2 /m 100, can the mass-gap in pure Yang-Mills theory really play any role in understanding confinement when DCSB, likely driven by the same dynamics, ensures the existence of an almost-massless strongly-interacting excitation in our Universe? If the answer is not no, then it must at least be that one cannot claim to provide a pertinent understanding of confinement without simultaneously explaining its connection with DCSB. The pion must play a critical role in any explanation of confinement in the Standard Model; and therefore, as others have already noted [12, 13] , any discussion of confinement that omits reference to the pion's role is practically irrelevant.
This perspective is canvassed elsewhere [14] [15] [16] . It can be used to argue that: the so-called "vacuum condensates" are actually wholly contained within hadrons [17] [18] [19] [20] ; and the potential between infinitely-heavy quarks measured in numerical simulations of quenched lQCD -the so-called static potential [21] -is disconnected from the question of confinement in our Universe. The latter follows because light-particle creation and annihilation effects are essentially nonperturbative in QCD, so it is impossible in principle to compute a quantum mechanical potential between two light quarks [22] [23] [24] . It follows that the flux tube measured in numerical simulations of lQCD with static quarks has no relevance to confinement in the light-quark realm of QCD. Moreover, there is zero knowledge of the strength or extension of a flux tube between a static-quark and any light-quark because it is impossible even to define such a flux tube; and it is doubly impossible to define a flux-tube between a light-quark source and light-quark sink. Hence, since the vast bulk of visible matter is constituted from light valence quarks, with no involvement of even an accessible heavy quark, the flux tube picture is not the correct paradigm for confinement in hadron physics.
An alternative realisation associates confinement with dramatic, dynamically-driven changes in the analytic structure of QCD's propagators and vertices. That leads coloured n-point functions to violate the axiom of reflection positivity and hence forces elimination of the associated excitations from the Hilbert space associated with asymptotic states [25] . This is certainly a sufficient condition for confinement [26] [27] [28] [29] . Moreover, via this mechanism, it is achieved as the result of an essentially CONF12 dynamical process. It is known that quarks acquire a running mass distribution in QCD [30] [31] [32] . This is also true of gluons (see, e.g. Refs. [33] [34] [35] [36] [37] [38] [39] ); and both are large at infrared (IR) momenta. The generation of these masses leads to the emergence of a length-scale ς ≈ 0.5 fm, whose existence and magnitude is evident in all existing studies of dressed-gluon and -quark propagators, and which characterises the dramatic change in their analytic structure that we have just described. In models based on such features [40] , once a gluon or quark is produced, it begins to propagate in spacetime; but after each "step" of length ς, on average, an interaction occurs so that the parton loses its identity, sharing it with others. Finally a cloud of partons is produced, which coalesces into colour-singlet final states. This picture of parton propagation, hadronisation and confinement can be tested in experiments at modern and planned facilities [41] [42] [43] .
The connection between the existence of Nambu-Goldstone modes and a dynamically-generated dressed-quark mass is detailed in Ref. [16] . The propagation of gluons, too, is described by a gap equation; and its solution shows that gluons are cannibals: they are a particle species whose members become massive by eating each other! The associated gluon mass function, m g (k 2 ), is monotonically decreasing with increasing k 2 and recent work [38] has established that
The value of the mass-scale in Eq. (10) is natural in the sense that it is commensurate with but larger than the value of the dressed light-quark mass function at far infrared momenta:
Moreover, the mass term appears in the transverse part of the gluon propagator, hence gaugeinvariance is not tampered with; and the mass function falls as 1/k 2 for k 2 m g (0) (up to logarithmic corrections), so the gluon mass is invisible in perturbative applications of QCD: it has dropped to less-than 5% of it's infrared value by k 2 = 4 GeV 2 . Gauge boson cannibalism presents a new physics frontier within the Standard Model. Asymptotic freedom means that the ultraviolet behaviour of QCD is controllable. At the other extreme, dynamically generated masses for gluons and quarks entail that QCD creates its own infrared cutoffs. Together, these effects eliminate both the infrared and ultraviolet problems that typically plague quantum field theories and thereby make reasonable the hope that QCD is nonperturbatively well defined, viz. that the millennium problem [10] does have a solution. The presence of dynamicallygenerated gluon and quark mass-scales must have many observable consequences, too, and hence can be checked experimentally. For example, one may plausibly conjecture that dynamical generation of an infrared gluon mass-scale leads to saturation of the gluon parton distribution function at small Bjorken-x within hadrons. This could be checked via computations of gluon distribution functions, using such solutions of the gluon gap equation in hadron bound-state equations. The possible emergence of this phenomenon stirs great interest; and it is a key motivation in plans to construct an electron ion collider (EIC) that would be capable of producing a precise empirical understanding of collective behaviour amongst gluons [43] .
A well-designed EIC could also provide a wealth of information and hence knowledge about the valence region, e.g. exposing a marked difference in the gluon content of π-and K mesons [44] by measuring their valence-quark distribution functions. This would add greatly to our understanding of the structure of Nambu-Goldstone bosons, which are far more than the simple pointlike modes described in extant textbooks. (See, e.g. Sec. 4.)
In order to practically address the questions posed above, one must possess detailed information about the interactions between quarks and gluons at all momentum scales so that the continuum bound-state problem can be solved. There are two common methods for determining this information: the top-down approach, which works toward an ab initio computation of the interaction via direct analysis of the gauge-sector gap equations; and the bottom-up scheme, which aims to infer EPJ Web of Conferences the interaction by fitting data within a well-defined truncation of those equations in the matter sector that are relevant to bound-state properties. These two approaches have recently been united [38] by a demonstration that the renormalisation-group-invariant running-interaction predicted by contemporary analyses of QCD's gauge sector coincides with that required in order to describe ground-state hadron observables. This is a remarkable stride, given that there had previously been no serious attempt at communication between practitioners from the top-down and bottom-up hemispheres of continuum-QCD. It bridges a gap that had lain between nonperturbative continuum-QCD and the ab initio prediction of bound-state properties. Critically, this advance was only made possible following an appreciation of just how important the dressed-gauge-boson-quark vertex is to DCSB, and vice versa, which had grown over many years [45] .
Enigma of mass
As noted above, the remarkably low mass of the pion, just one-fifth of that which quantum mechanics would lead one to expect, has its origin in DCSB. In quantum field theory the pion's structure is described by a Bethe-Salpeter amplitude (here k is the relative momentum between the valence-quark and -antiquark constituents, and P is their total momentum):
which is simply related to an object that would be the pion's Schrödinger wave function if a nonrelativistic limit were appropriate. In QCD, if, and only if, chiral symmetry is dynamically broken, then in the chiral limit [46] [47] [48] :
where f π is the pion's leptonic decay constant, a directly measurable quantity that connects the strong and weak interactions, and the rhs is a scalar function in the dressed-quark propagator. This identity is miraculous. It means that the two-body problem is solved, almost completely, without lifting a finger, once the solution to the one body problem is known. Eq. (12) is a quark-level Goldberger-Treiman relation. It is also the most basic expression of Goldstone's theorem in QCD, viz.
Goldstone's theorem is fundamentally an expression of equivalence between the one-body problem and the two-body problem in QCD's colour-singlet pseudoscalar channel. Consequently, pion properties are an almost direct measure of the dressed-quark mass function; and the reason a pion is massless in the chiral limit is simultaneously the explanation for a proton mass of around 1 GeV. Thus, enigmatically, properties of the nearly-massless pion are the cleanest expression of the mechanism that is responsible for almost all the visible mass in the Universe. There are numerous, additional corollaries, some of which are described in Refs. [49] [50] [51] ; but, most importantly, no approach that is incapable of expressing Eq. (12) can truly claim to provide a veracious understanding of pion structure.
At this point, it is worth returning to Eq. (9). The pion's Poincaré-invariant mass and Poincaré-covariant wave function are obtained by solving a Bethe-Salpeter equation. This is a scattering problem. In the chiral limit, two massless fermions interact via exchange of massless gluons, i.e. the initial system is massless; and it remains massless at every order in perturbation theory. The complete calculation of the scattering process, however, involves an enumerable infinity of dressings and scatterings. This can be represented by a coupled set of gap-and Bethe-Salpeter equations. At a renormalisation scale typical of hadronic phenomena, ζ = 2 GeV =: ζ 2 , it is practical to build the kernels using a CONF12 dressed-parton basis, viz. from valence-quarks with a momentum-dependent running mass produced by self-interacting gluons, which have given themselves a running mass.
In the chiral limit one can prove algebraically [48, [52] [53] [54] that, at any finite order in a symmetrypreserving construction of the kernels for the gap (quark dressing) and Bethe-Salpeter (bound-state) equations, there is a precise cancellation between the mass-generating effect of dressing the valencequarks and the attraction introduced by the scattering events. This cancellation guarantees that the simple system, which began massless, becomes a complex system, with a nontrivial bound-state wave function that is attached to a pole in the scattering matrix, which remains at P 2 = 0, i.e. the bound-state is also, therefore, massless.
The precise statement is that in the pseudoscalar channel, the dynamically generated mass of the two fermions is precisely cancelled by the attractive interactions between them, if and only if, Eq. (12) and its companions [46] [47] [48] are satisfied. It can be expressed as follows [7] :
which describes the metamorphosis of the parton-basis chiral-limit expression of the expectationvalue of the trace anomaly into a new expression, written in terms of a nonperturbatively-dressed quasi-particle basis, with dressed-quarks denoted by Q and the dressed-gluon field strength tensor by G. Here, the first term is positive, expressing the one-body-dressing content of the trace anomaly. Plainly, a massless valence-quark (antiquark) acquiring a large mass through interactions with its own gluon field is an expression of the trace-anomaly in what might be termed the one-quasiparticle subsector of a complete pion wave function. The second term is negative, expressing the twoparticle-irreducible (2PI) scattering-event content of the forward scattering process represented by this expectation-value of the scale-anomaly. This term acquires a scale because the couplings, and the gluon-and quark-propagators in the 2PI processes have all acquired a mass-scale. Away from the chiral limit, and in other channels, such as the proton, the cancellation is incomplete. It is worth reiterating that these statements can be verified algebraically. Exact cancellation for the pion in the chiral limit was first demonstrated in Ref. [55] ; and in connection with the gap and pseudoscalar-channel Bethe-Salpeter equations, Ref. [56] provides the simplest realisation. The same framework yields algebraic formulae for the masses of the nucleon and ∆-baryon, showing that these states possess masses on the order of the three-times the DCSB mass-scale (∼ 3M(0)) in the chiral limit [57] despite the pion's masslessness. The most sophisticated continuum analyses of the pion and proton masses may be traced from Refs. [54, 58, 59] .
The fact that a Poincaré-invariant analysis of the simultaneous impact of the trace anomaly in the pion and proton cannot yield a sum of terms that is each individually positive precludes a useful "pie diagram" breakdown of the distribution of mass within a hadron.
Hadron observables
As stated at the outset, physics is an empirical science. Consequently, one should ask for observable predictions following from the ideas presented above, with empirical verification if they are to be taken seriously. It is important, therefore, that methods have recently been developed which enable one to project the pion's Poincaré-covariant Bethe-Salpeter wave function, onto the light front [65] . This provides, inter alia, the pion's leading-twist parton distribution amplitude (PDA), which is the closest thing in QCD to a quantum mechanical wave function for the pion. At an hadronic scale, Figure 1 . Left panel. Solid curve -Charged pion form factor computed in Ref. [60] (r π = 0.66 fm cf. experiment [2] r π = 0.672 ± 0.008 fm); long-dashed curve -calculation in Ref. [61] ; and dotted curve -monopole form
," where m ρ = 0.775 GeV is the ρ-meson mass. In both panels, the filled-star is the point from Ref. [62] , and the filled-circles and -squares are the data described in Ref. [63] . Right panel.
. Solid curve (A) -prediction in Ref. [60] . Remaining curves, from top to bottom: dotted curve (B) -monopole form fitted to data in Ref. [64] , with mass-scale 0.74 GeV; dot-dot-dashed curve (C) -perturbative QCD (pQCD) prediction obtained using the modern, dilated pion PDA from Ref. [65] ; and dot-dot-dashed curve (D) -pQCD prediction computed with the conformal-limit PDA, ϕ cl π (x), which had previously been used to guide expectations for the asymptotic behaviour of Q 2 F π (Q 2 ). The filled diamonds and triangle indicate the projected reach and accuracy of forthcoming experiments [66, 67] . the computed result is concave and significantly broader than the asymptotic distribution amplitude, ϕ cl π (x) = 6x(1 − x) [68] [69] [70] . This establishes that ϕ π (x) is hardened at an hadronic scale as a direct consequence of DCSB.
How does this compare with results from simulations of lQCD? Well, with current algorithms, lQCD can only determine one non-trivial moment of the pion PDA. However, the methods developed in Refs. [65, 71] are powerful enough to extract physics from that limited input. In fact, they enable the full x-dependence of meson PDAs to be inferred from the limited lQCD output, revealing complete consistency between the continuum predictions and the lattice results [16, 72, 73] .
Armed with a reliable prediction of the pion's PDA, one can validate the collinear hard-scattering formula for the pion's elastic electromagnetic form factor, F π (Q 2 ), if a scheme is available that enables direct computation of F π (Q 2 ) on the entire domain of spacelike momenta. Such a method was introduced in Ref. [60] ; and this enabled a demonstration of the fact that the leading-order, leadingtwist pQCD result for Q 2 F π (Q 2 ) underestimates the full computation by just 15% on Q (see Fig. 1 ), in stark contrast to the result obtained with ϕ cl π (x). The analysis shows that hard contributions to F π (Q 2 ) dominate for Q 2 8 GeV 2 ; but, even so, the magnitude of Q 2 F π (Q 2 ) reflects the scale of DCSB, a pivotal emergent phenomenon in the standard model. It follows that a measurement of the pion form factor on Q 2 8 GeV 2 should expose parton model scaling and QCD scaling violations and thereby achieve a goal that was a driving force for the construction of CEBAF.
There are many more verifiable predictions of meson properties, e.g. the light meson spectrum [74] ; the parton distribution functions of light-quark mesons [44, [75] [76] [77] and distribution amplitudes of heavy-heavy mesons [78, 79] ; and numerous elastic and transition form factors [80, 81] . However, baryons are, at least, equally interesting; and there is a striking prediction for baryon structure driven by DCSB, viz. they contain strong, non-pointlike diquark correlations, as illustrated in Fig. 2 , the existence of which has numerous observable consequences, as explicated, e.g. in Refs. [82] [83] [84] [85] [86] [87] [88] . CONF12 Figure 2 . Barycentric plot of a leading-twist parton distribution amplitude (PDA), ϕ p (x 1 , x 2 , x 3 ), for a proton containing both scalar and axial-vector diquark correlations, with the scalar diquark alone contributing 62% to the bound-state's normalisation, as is found in realistic computations [84] . In the absence of correlations, this PDA would be a symmetric function, peaked at x 1 = x 2 = x 3 = 1 3 , the point marked by the open circle. The PDA's distortion matches that inferred from simulations of lQCD [89] , and owes directly to the presence of non-pointlike diquark scalar and axial-vector diquark correlations.
Epilogue
In drawing this contribution to a close, it is worth reiterating a few points.
Owing to the conformal anomaly, both gluons and quarks acquire mass dynamically in QCD. Those masses are momentum dependent, with large values at infrared momenta: m(k 2 0) > Λ QCD . The appearance of these nonperturbative running masses is intimately connected with confinement and DCSB; and the relationship between those phenomena entails that in a Universe with light-quarks, confinement is a dynamical phenomenon. Consequently, static-quark flux tubes are not the correct paradigm for confinement and it is practically meaningless to speak of linear potentials and Regge trajectories in connection with observable properties of light-quark hadrons. Moreover, the origin and distribution of a hadron's mass depends on the observer's preferred frame of reference and resolving scale, and for contemporary and planned experiments, the DCSB paradigm is the best way to explicate and understand the associated, emergent phenomena.
In exploring the connection between QCD's gauge and matter sectors, top-down and bottomup analyses in continuum-QCD have converged on the form of the renormalisation-group-invariant interaction. This outcome paves the way to parameter-free predictions of hadron properties; and, combined with decades of studying the three valence-body problem in QCD, provides the evidence necessary to conclude that diquark correlations are a reality. Diquarks are complex objects, however, so their existence does not restrict the number of baryon states in any obvious way. This effort has led to a sophisticated understanding of the nucleon, ∆-baryon and Roper resonance: all may be viewed as Borromean bound-states, and the Roper is at heart the nucleon's first radial excitation.
The material presented herein highlights the capacity of continuum methods in QCD to connect the quark-quark interaction, expressed, for instance, in the dressed-quark mass function, M(p 2 ), with predictions for a wide range of hadron observables. It therefore serves as strong motivation for new experimental studies of, inter alia, elastic and transition form factors, and parton distribution amplitudes and functions, for both gluons and quarks, which exploit the full capacity of modern and planned facilities in order to chart the running coupling and masses of QCD and thereby explain the origin of more than 98% of the visible mass in the Universe. This must shed light on confinement, one of the most fundamental problems in modern physics and a puzzle whose solution is unlikely to be found in a timely fashion through theoretical analyses alone. A multipronged approach is required, capitalising on the empirical nature of physics, and hence involving constructive feedback between experiment and theory.
